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Fig. 2 PRIOR ART 
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Fig. 3B 
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Fig. 3C 
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Fig. 4 
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SYSTEMS AND METHODS FOR BUILDING 
TAMPER RESISTANT COATINGS 

RELATED APPLICATION 

[0001] This application claims priority to, and is a con 
tinuation-in-part of, US. application Ser. No. 10/339,800, 
?led Jan. 10, 2003, by inventors Curtis W. Anderson, Tho 
mas W. DoWland, Leonard W. Reeves, and Bjarne Heggli, 
and Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention is related to systems and 
methods for coating objects, and, more particularly, to 
systems and methods for building tamper resistant coatings 
on objects. 

[0004] 2. Background Art 

[0005] There are many applications in Which it is desired 
to apply a coating to a part or form a product layer using a 
spray process. Such applications may include applying 
primers, paints, and/or other types of coatings. Once such 
coating for Which the present invention may be used, but is 
not limited to, is the application of a tamper resistant coating 
(TRC). A TRC is a layer applied to a product to provide a 
physical barrier to prevent inspection of, and tampering 
With, for example, the underlying circuitry and contents of 
electronic components. 

[0006] Processes and systems for coating electronic cir 
cuits With protective coatings and security coatings using a 
thermal spray are generally knoWn. Examples of such pro 
cesses are described in US. Pat. Nos. 5,877,093; 6,110,537; 
5,762,711; and 6,319,740 all to Heffner et al. Application of 
TRCs by heating a material to a molten state and spraying 
the molten material Where desired is generally referred to 
herein as a “thermal-spray process,” a “thermal spray” or 
“thermal spraying.” 

[0007] FIG. 1 illustrates a thermal-spray system disclosed 
by US. Pat. No. 6,110,537 to Heffner et al., Which is 
incorporated herein by its reference. Particles of a coating 
material 60 are supplied from a feedstock supply to a 
thermal-spray gun 31. Fuel and oxygen are supplied to gun 
31 to heat the coating material 60 to a molten state. Air 66 
is combined With the stream of molten particles and output 
through ?ame front 67 toWard one or more parts or circuits 
mounted on arms 68. During the thermal-spray process, 
arms 68 are rotated by motor 70. A coolant 74 may be 
pumped through the interior of arms 68 to regulate tempera 
tures during the thermal-spray process. 

[0008] Arms 68 rotate in the range of approximately one 
thousand revolutions per minute to repetitively sWeep parts 
or circuits, e.g., attached at ends of arms 68, through the 
?ame spray. With each pass, a layer of coating builds up on 
the exposed surface of an integrated circuit. 

[0009] As shoWn in FIG. 2, US. Pat. No. 6,110,537 to 
Heffner et al. also discloses an embodiment Wherein in lieu 
of arms 68, multiple integrated circuits 13 may be clamped 
in an aluminum disk ?xture including disk 88 and mask 90 
to a stand 92 having alignment pins 92a. Integrated circuits 
13 are inserted and individually clamped in place by screWs 
(not shoWn) that are inserted in holes 88b and 90b. Like arm 
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68 disk 88 contains internal coolant outlets 91 that connect 
With internal coolant passages 91a. The disk disclosed by 
Heffner et al. enables thermal-spray processing of multiple 
ICs, but requires a person to individually insert each circuit 
13 in the disk before performing the thermal-spray process. 
Furthermore, each circuit must be individually removed 
from the disk by hand before further processing can be 
performed, if any is required. 

[0010] The disk approach disclosed by Heffner et al. has 
subsequently evolved into the use of larger Wheels and 
device-holding structures mounted thereto. With a larger 
Wheel, a plurality of device-holding ?xtures can be mounted 
and processed. Further, spray guns mounted on movable 
arms Were incorporated to cover the increasing spray area on 
the larger spray-target Wheels. 

[0011] A shortcoming of such prior-art thermal-spray sys 
tems is that they do not produce a consistent TRC-deposition 
rate. An inconsistent TRC-deposition rate may unpredict 
ably affect the porosity percentage and/or the total pore 
volume in a TRC-coating. This may make it dif?cult for any 
subsequent processing that must accurately account for 
porosity percentage and/or total pore volume. An inconsis 
tent TRC-deposition rate may also unpredictably affect the 
deposited mass of a TRC-coating, Which is problematic for 
mass-sensitive applications. Another problem that may 
result from an inconsistent TRC-deposition rate is that it 
may unpredictably affect the height of the completed TRC 
coating, and therefore, the height of the resulting integrated 
circuit package, for example, Which is problematic for 
height-sensitive applications. 

[0012] An inconsistent TRC-deposition rate may result 
from uncontrolled variation in any one of a number of 
different thermal-spray factors. One such factor is the tem 
perature of the objects-under-process, such as integrated 
circuits. Thus, it is desirable to control the temperature of the 
objects during thermal spraying. This concern is not 
addressed by the prior art. 

[0013] Instead, the folloWing is generally done today. A 
number of practice runs are performed to establish an 
optimum set of thermal-spraying conditions, such as the 
torch settings, the speed to move the objects-under-process 
and the like. Then, thermal spraying is performed using the 
previously-determined optimum set of thermal-spraying 
conditions. The problem With this approach is that it does not 
take into account variations that may occur during thermal 
spraying from day to day, or even moment to moment. For 
example, as ambient temperature or a torch setting may drift 
over time, temperature of the objects-under-process may 
change. This may produce inconsistent TRC-deposition 
rates, and therefore, there is a need to control temperature of 
the objects-under-process. 

BRIEF SUMMARY OF THE INVENTION 

[0014] In accordance With an embodiment of the inven 
tion, a method is disclosed for building a TRC, comprising 
applying a coating material over a surface to build the TRC, 
and controlling the applying based on a temperature that is 
determined during the applying of the coating material. 

[0015] In accordance With another embodiment of the 
invention, a system is disclosed for building a TRC, com 
prising a spray mechanism for spraying a coating material, 
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a target system including a rotatable spray-target that retains 
an object With a surface to be covered by the TRC, a 
temperature sensor, and a control system for controlling 
application of the coating material based on a temperature 
that is determined during the spraying. 

[0016] Additional objects and advantages of the invention 
Will be set forth in part in the description Which folloWs, and 
in part Will be obvious from the description, or may be 
learned by practice of the invention. The objects and advan 
tages of the invention Will be realiZed and attained by means 
of the elements and combinations particularly pointed out in 
the appended claims. 

[0017] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory only and are not restrictive of 
the invention, as claimed. 

[0018] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
several embodiments of the invention and together With the 
description, serve to eXplain the principles of the invention. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0019] Further aspects, features and advantages of the 
present invention Will become apparent from the folloWing 
description of the invention in reference to the appended 
draWings in Which like numerals denote like elements and in 
Which: 

[0020] FIG. 1 is a thermal-spray system of the prior art; 

[0021] FIG. 2 is a modi?ed thermal-spray system of the 
prior art; 

[0022] FIGS. 3A-3E illustrate a spray-coating system and 
various components according to an embodiment of the 
present invention; 

[0023] FIG. 4 illustrates a spray-coating Wheel in accor 
dance With an embodiment of the present invention; 

[0024] FIGS. 5A-5C illustrate a device-holding ?xture for 
use in a spray-coating process according to an embodiment 
of the present invention; 

[0025] FIG. 6 illustrates a device-holding ?Xture for use 
in a spray-coating process according to an embodiment of 
the present invention; 

[0026] FIGS. 7A-7B illustrate a device-holding ?Xture 
processing tray for use in a spray-coating process according 
to an embodiment of the present invention; 

[0027] FIG. 8 is a How diagram illustrating a method of 
applying a spray coating according to an embodiment of the 
present invention; 

[0028] FIG. 9 is a How diagram illustrating a method for 
building a TRC according to an embodiment of the present 
invention; 
[0029] FIG. 10 is a graph illustrating a Warm-up to a 
desired temperature for building a TRC according to an 
embodiment of the present invention; and 

[0030] FIG. 11 is a simpli?ed cross-sectional vieW of an 
integrated circuit package having a surface upon Which a 
TRC is built according to an embodiment of the present 
invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] Turning to FIG. 3A, a coating system 100 for 
spray-coating parts, according to one aspect of the invention 
includes a spray-coating control system 110, a spray-coating 
mechanism 150, and a spray-target system 200. 

[0032] Spray mechanism 150 functions to spray a coating 
material 1006 (see FIG. 11) toWards target system 200 to 
coat one or more devices With a coating. Spray mechanism 
150 may be any device or combination of devices for 
accomplishing this function. In preferred embodiments of 
the present invention, spray mechanism 150 comprises a 
thermal-spray gun 160 similar to that disclosed by Heffner 
et al., and a spray-gun mounting system 180. HoWever, there 
is nothing herein that limits the present invention to thermal 
spray processes. 

[0033] In the most preferred embodiments of the present 
invention, unlike the thermal-spray system disclosed by 
Heffneret al., mounting system 180 is con?gured to be able 
to electrically, mechanically, and/or hydraulically move gun 
160 in one or more directions. As shoWn by the eXample in 
FIG. 3A, spray gun 160 is mounted on mounting system 180 
Which may control the movement of gun 160 along any of 
the X, Y and/or Z aXes for directing a spray of coating 
material 1006 toWard target system 200. Mounting system 
180 may further be con?gured to rotate spray gun 160 about 
the Y aXis and/or angle gun 160 up or doWn from the X aXis 
if desired. Mounting system 180 may be any device or 
combination of devices suitable for these functions includ 
ing one or more arms controlled by electric servos, hydraulic 
pumps, or mechanical gears. 

[0034] Preferably, although not required, movement of 
mounting system 180 and/or the coating parameters of spray 
gun 160 are controlled using a computeriZed control system 
110. Computerized control system 110 functions to convert 
user-de?ned instructions into electrical signals for control 
ling various components of system 100 and may be any 
device or combination of devices for accomplishing this 
function including one or more computers, microprocessors, 
micro-controllers, programmable logic devices, and associ 
ated memories, cabling and/or peripheral components. 

[0035] In preferred embodiments of the invention, control 
system 110 utiliZes one or more computer programs to 
enable a user to set, maintain and/or adjust one or more 
coating parameters for coating parts. Such coating param 
eters may include, among others, the amount of coating 
material 1006 fed to and/or sprayed by gun 160, distance of 
gun 160 from target 200, movement of gun 160 during a 
coating run, revolutions per minute of target system 200, 
length of time for the spray processes, and, if a ?ame-spray 
process, the miXture of the torch gases, temperature of 
sprayed coating, temperature of spray environment, and 
other user-desired variations in spray coating. 

[0036] Additionally, When a coating run for a particular 
product has already been designed, tested and accepted, the 
speci?c parameters used for applying that coating may be 
coded into machine-readable code for access by control 
system 110 to duplicate previously-completed spray pro 
cesses. This aspect of the present invention, along With 
others described herein, assists in facilitating repeatable 
batch processing of coated parts that consistently meet 
quality control standards. 
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[0037] Spray-coating target system 200 serves to pass 
parts or products 215 through an airborne stream of coating 
material 1006 provided by spray mechanism 150. Target 
system 200 may be any device or combination of devices for 
accomplishing this purpose. In certain preferred embodi 
ments, as described in further detail hereinafter, target 
system 200 includes a coating target-Wheel 205 rotatably 
mounted to a target-Wheel support-structure 270. Parts or 
products 215 are attached to target-Wheel 205 and as target 
Wheel 205 rotates about its axis, parts 215 are passed 
through coating material 1006. 

[0038] Target Wheel 205 and Wheel support structure 270 
may be any device or devices capable of accomplishing the 
foregoing functions. Notably, Wheel support structure 270 
may or may not include one or more electrically or mechani 

cally motoriZed elements (not shoWn) for turning Wheel 205, 
or alternatively, Wheel 205 may be turned by a Winding 
mechanism or by hand. 

[0039] Turning to FIG. 3B, the target system 200 of the 
preferred embodiments includes means for rapid attachment 
and detachment of parts 215 to Wheel 205. In one embodi 
ment of the present invention, multiple parts 215 are loaded 
into a cassette ?xture 210 (also referred to herein as part 
holding ?xtures or device-holding ?xtures) for spray coat 
ing. Multiple cassette ?xtures 210 may then be temporarily 
?xed to Wheel 205, preferably Without the requirement of 
any unattached threaded fasteners or locking pins. 

[0040] In one embodiment of the present invention, Wheel 
205 includes a spring-tensioned ?xture clamping assembly 
220 for rapid ?xing and removal of parts 215 to/from Wheel 
205. Clamping assembly 220 may be any single device or 
combination of devices attachable to, and/or formed in, 
Wheel 205 that is capable of achieving these functions. 

[0041] Referring also to FIGS. 3C-3E, in certain embodi 
ments, clamping assembly 220 includes base 221, push rod 
222, spring mechanism 224 and tension clamp 226. Assem 
bly 220 may also include a clamp guide/mount 228 attached 
to a distal end of push rod 222. 

[0042] Tension clamp 226 is preferably hingedly mounted 
to base 221 to have a ?rst open position (FIGS. 3C-D) and 
a second locked position (FIG. 3E). In the second locked 
position, tension clamp 226 asserts spring force on push rod 
222 (using spring mechanism 224) to bias the push rod 222, 
and hence clamp guide/mount 228, radially outWard toWard 
a guide/mount 230 ?xed to an outer periphery of Wheel 205. 
When tension claim 226 is in the locked position, the spring 
tension provided by spring mechanism 224, applies pressure 
to hold a part 215 and/or part-holding ?xture 210 betWeen 
clamp guide/mount 228 and ?xed guide/mount 230. When 
tension clamp 226 is released into the ?rst open position, 
push rod 222 and hence clamp guide/mount 228 is retracted 
radially inWard to release any part 215 or part-holding 
?xture 210 betWeen clamp guide/mount 228 and ?xed 
guide/mount 230. An optional thumbscreW 321 may be 
included in assembly 220 so that When tightened, it prevents 
push rod 222 from prematurely retracting until unloading 
parts and ?xtures and/or to minimiZe rod vibration during 
rotation of Wheel 205. 

[0043] Target system 200 may further include a tempera 
ture-monitoring ring so that device temperature can be 
monitored using one or more temperature sensors 201 
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(hereafter “temperature sensor 201”). In a preferred embodi 
ment for a ?ame-spray process, a plurality of part-holding 
?xtures 210 are loaded into respective spaces on Wheel 205. 
BetWeen each ?xture is a raised inter-?xture guide 240 to 
assist in maintaining exact placement of ?xtures 210 on 
Wheel 205. Inter-?xture guides 240 are preferably con?g 
ured to have surfaces that are ?ush With, or slightly raised 
above, surfaces of ?xtures 210 mounted on Wheel 205. Most 
preferably, guide 240 is con?gured With a slightly beveled 
overhand that assists in clamping ?xtures 210 to Wheel 205. 
The top surfaces of guides 240 and ?xtures 210 form a 
continuous ring on the surface of Wheel 205 for Which 
temperatures of part surfaces, e.g., substrates of parts 215, 
can be accurately monitored using temperature sensor 201. 
Process adjustments may be made during the deposition 
process based on the temperature (110; FIG. 3A). 

[0044] System 200 further preferably includes a spray-gun 
self-centering mechanism 250 to enable repeatable spray 
coating patterns. An important parameter of a spray-coating 
process, and particularly a thermal-spray process, is align 
ment of the spray gun or torch (160; FIG. 3A) to the Wheel 
205. Proper standoff distance, for example, may be critical 
to a successful coating operation. 

[0045] In one embodiment, a gun self-centering mecha 
nism 250 includes a hole located at an axial center point of 
Wheel, a spring clip provided therein and a center spring held 
by the spring clip. Self-centering mechanism 250 may be 
used to verify that the torch is properly aligned before each 
coating operation commences. 

[0046] Turning to FIG. 4, an exemplary embodiment of a 
spray-target Wheel 405 includes a plurality of alternating 
radial arms 410 and radial openings 412. At an end of each 
radial arm 410 is a part or ?xture backing surface 420. 
Radial arms 410 also preferably include a plurality of ?xed 
guide-mounting elements 432, clamping assembly mounting 
elements 434 and inter-?xture guide-mounting elements 
436. Mounting elements 432, 434 and 436 may be any 
con?guration for mounting the respective items to Wheel 
205 including, by Way of example, through holes, threaded 
holes, protruding pins, threaded fasteners and/or any com 
bination thereof. 

[0047] Radial openings 412 and voids 440 Were selec 
tively implemented into Wheel 405 to reduce the overall 
Weight of the Wheel to improve handling and assembly of 
Wheel 405. Moreover, reducing the mass of Wheel 405 
improves the overall target system 200 rotational and/or 
braking ef?ciency as Well as the heat dissipation character 
istics of Wheel 405. To this end, mass-reducing holes are 
preferably implemented in as many areas of Wheel 405 as 
possible Without detracting from the structural integrity of 
Wheel 405. 

[0048] Wheel 405 is also designed With manufacturing 
ease in mind. The basic framework, as depicted by the 
example embodiment shoWn in FIG. 4, of Wheel 405 may be 
machined from a ?at stock material. In a preferred embodi 
ment, Wheel 405 is machined from an aluminum plate 
material. Accordingly, support structures for holding-device 
?xtures 210, etc., may be machined separately and attached 
to the main frameWork using screWs or other types of 
fasteners. This is a signi?cant improvement over conven 
tional target-Wheel designs in Which these structures Were 
included in a one-piece design. Furthermore, these separate 
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parts are easily replaceable When needed, as opposed to the 
time and expense incurred for requiring another entire Wheel 
or ?xing the same. 

[0049] Wheel 405 also preferably includes a hole 450 for 
accommodating self-centering mechanism 250 (FIG. 3B). 
Wheel 405 is preferably designed to best accommodate 
device-holding ?xtures 210 (FIG. 3B) rather than a design 
Where device-holding ?xtures Were designed only after a 
Wheel has been designed. For example, the outer diameter of 
the Wheel is optimally selected to ?t a selected number of 
device ?xtures toWard the outer radius of Wheel 405. This 
design is preferably optimiZed for thermal management in a 
thermal-spray-coating process, e.g., facilitates a spray area 
large enough that coating application (or deposition) can be 
conducted Without the need for forced cooling, but small 
enough that device-substrate temperatures may be kept 
uniform, that is, there is no signi?cant difference in tem 
perature betWeen the inner spray arc and the outer spray arc. 

[0050] Further, the con?guration of Wheel 405 helps mini 
miZe the areas of the Wheel that are subject to over-spray. 
And, keeping the spray areas of the Wheel free from screWs, 
bolts, or other small design features that may trap the 
sprayed material, leads to much simpler removal of 
unWanted over-spray betWeen coating runs. In the most 
preferred embodiments for a thermal-spray process, Wheel 
405 surfaces and/or mounting support structures surfaces 
that are subject to the thermal-spray process are hard anod 
iZed to protect them from the extreme environment of 
repetitive sprays. 
[0051] Turning to FIG. 5A, a device-holding ?xture 210 
according to one embodiment of the present invention 
includes a mask plate 505 and a receptacle plate 550. Mask 
plate 505 and receptacle plate 550 ?t together to enclose one 
or more parts 215 to be coated. Mask 505 includes one or 
more WindoWs 508 that serve to expose a surface of part 215 
to a sprayed material When ?xture 210 is mounted on a target 
system (e.g., 200; FIG. 3A) and sprayed. Receptacle plate 
550 preferably includes one or more part-alignment com 
ponents 552 to assist in aligning part 215 at a WindoW of 
mask plate 505 When part 215 is enclosed therein. Part 
alignment components 552 may be any holes, pins, depres 
sions, ridges or other components that serve to guide and/or 
maintain parts 215 Within ?xture 210. In preferred embodi 
ments of the invention, mask plate 505 is machined from 
brass and receptacle plate 550 is machined from plate 
aluminum. 

[0052] Mask plate 505 and receptacle plate 550 may be 
temporarily held together for coating part 215 using any type 
of fastener 555 or fasteners Which may facilitate at least 
temporary adherence of plate 505 to plate 550. In preferred 
embodiments fasteners 555 are of the type that do not 
require separate threaded fasteners such as clipping or 
snap-type fasteners. 

[0053] In the most preferred embodiments, fasteners 555 
are one or more spring clips attached to one of either mask 
plate 505 or receptacle place 550 While the opposite plate 
preferably has corresponding lock grooves for receiving the 
spring clips 555 in a locked position. An alternative enclo 
sure technique could include hinging mask plate 505 and 
receptacle plate 550 on one side and including a fastener 555 
on one or more other sides. 

[0054] Referring to FIGS. 5B and 5C, mask plate 505 
preferably includes, and receptacle plate 550 has corre 
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sponding, alignment components 515, 516 such as ridges, 
pins and/or holes to assist in aligning mask plate 505 With 
receptacle plate 550. 

[0055] Mask plate 505 and/or receptacle plate 550 may 
also include on an interior portion thereof, a sealing structure 
(not shoWn) for sealing edges of parts 215 that are to be 
coated from edges of parts 215 that are not desired to having 
coating applied. Seals may also facilitate gentle clamping of 
parts 215 betWeen plates 505 and 550 and/or protect part 215 
components from exposure to vapor or other environmental 
factors. These seals may be any component or combination 
of components to achieve these functions, for example, 
ridges machined around WindoWs 508 and corresponding 
?exible material inserted therein. In a preferred embodi 
ment, a closed cell, solvent-resistant compliant material is 
added to the receptacle plate 550 underneath the devices 
215. The compliant material is compressed onto the back of, 
for example, the product substrates When the mask plate 505 
is attached, thereby forming a seal. The seal protects the ball 
pads, if any, or other device components located on the back 
of the substrate of parts 215 from heat and/or vapor that may 
form during processing as described beloW. Protection of 
ball pads from contamination reduces the chance of prob 
lems With attachment of solder balls during subsequent 
processing. 
[0056] The inside edge of mask plate 505 preferably 
includes a WindoW bevel and an undercut bottom 520. The 
WindoW bevel helps coating material 1006 reach the edges 
of parts 215 When a spray gun (e.g., torch 160FIG. 3A) is 
at an angle to a surface of parts 215. The undercut bottom 
520 promotes the formation of a natural break betWeen the 
spray on the mask plate 505 and the spray on the device 215. 
This enables the mask to easily lift off devices 215 after a 
spray coating has been applied. Undercut bottom 520 pre 
vents bridging of coating material 1006 betWeen the mask 
plate 505 and substrates of parts 215 Which makes it easier 
to remove mask plate 505 and prevent pulling applied 
coating off of part 215. 

[0057] As shoWn in the example embodiment depicted in 
FIG. 5C, receptacle plate 550 may include one or more 
receptacles 552 for receiving a part and/or one or more 
corresponding part access depressions 554. Depressions 554 
facilitate easier removal of parts 215 from respective recep 
tacles 552. 

[0058] Turning to FIG. 6, an alternate embodiment of 
part-holding ?xtures 610 includes mask plate 605 and recep 
tacle plate 650. In this embodiment, mask plate 605 and 
receptacle plate 650 are con?gured to accommodate and 
enclose one or more device-handling strips 625 Which 
contain the parts to be coated 215. Device-handling strips 
625 may be used in other stages of device processing and are 
commonly used in the semiconductor device industry to 
reduce handling of parts 215 by hand betWeen and during 
processing. HoWever, device-handling strips have not been 
previously used in a spray-coating process or in association 
With more expensive semiconductor devices such a multi 
chip modules. 

[0059] In one embodiment, part-holding ?xture 605 is 
con?gured to accommodate tWo standard handling strips 
(Which accommodate 5-6 devices each) betWeen mask plate 
605 and receptacle plate 650 using respective alignment 
components 627, 657 such as ridges, pins, holes and/or a 










